Interpretations of Higgs searches critically involve production cross sections and decay probabilities for different analysis channels. Mixing effects can reduce production rates, while invisible decays can reduce decay probabilities. Both effects may transparently be quantified in Higgs systems where a visible Higgs boson is mixed with a hidden sector Higgs boson. Recent experimental exclusion bounds can be re-interpreted in this context as a sign for non-standard Higgs properties. Should a light Higgs boson be discovered, then our analysis will quantify how closely it may coincide with the Standard Model. [5, 6], so that each experiment alone has about the same sensitivity as the combination in the low mass region, raising the low-mass bound of the Higgs from the LEP2 limit [7] of 114.4 GeV to 115.5/115 GeV and leading to an exclusion of the mass from 131 GeV/127 GeV to 453 GeV/600 GeV by ATLAS/CMS, respectively. Bounds as low as fractions R ≤ 0.3 have been set on the production cross sections with respect to the Standard Model [SM] for some of the masses probed. Given the far reaching consequences, the question arises naturally to what extent Higgs bosons, in slightly generalized scenarios, may still exist in this mass region.
mass eigen-states H 1 , H 2 ,
the labels ordered parallel to the rising mass values. In the limit of small mixing, H 1 approaches the lighter of the states H s or H h , i.e. cos χ or sin χ → 1, respectively, and H 2 the heavier of the two primary states. The mixing reduces the production cross sections of H 1 , H 2 to σ 1,2 = cos 2 χ {sin 2 χ} σ
with respect to the cross sections of the Standard Model for equivalent masses, the expressions within the curly brackets for index = 2 substituting the corresponding expressions for index = 1. [19] with the H 1 visible decay branching ratio
In this case also a mixed contribution Γ HH,mix 2
of one H 1 decaying visibly and the other one invisibly is present; numerical details have been presented in Ref. [9] . Likewise the total widths,
with ∆ 2 = 0, 1 for index = 1, 2, respectively, are free parameters at the phenomenological level in this scenario.
II. HIGGS MEASUREMENTS VS HIGGS PARAMETERS
The search for Higgs bosons at the LHC by ATLAS [2] and CMS [3] has excluded major parts of the intermediate Higgs mass range and beyond [4] [5] [6] . However, it leaves a clear gap down to the low-mass limit set originally by LEP2 and improved by ATLAS/CMS to about 115 GeV in which a Higgs signal may be confirmed or refuted in the coming year [5, 6] . In this Section we follow two scenarios. First, we study Higgs sectors with reduced couplings and invisible decay widths, which can naturally explain a missing Higgs signal at the LHC. In a second step, we describe the effects of a potential Higgs discovery in the still open mass window with SM-like couplings.
Bounds
To begin with, in the Higgs mass range ruled out for Standard Model couplings, the corresponding Higgs cross sections are constrained to values as low as R ∼ 0.3 in units of the SM value. These bounds, as well as production cross sections measured after the discovery of the Higgs boson, can be re-interpreted within the standard-hidden Higgs scenario. For a given mass value the bounds induce constraints on the mixing and on the invisible width of H 1 , while at the same time the second, heavier state of the Higgs pair is proven not to violate the experimental bounds. The bounds on the production cross sections for H 1 from any set of final states F induce the following constraints at a given mass value on the mixing parameter and the invisible width:
[This observable coincides with the twin ratio Γ p Γ d /Γ tot of Refs. [8, 9] , composed of partial widths for the production and decay channels as well as the total decay width.] Likewise, the non-observation of the Higgs boson H 2 for the same mass value considered, with, this time, the lighter companion of the Higgs pair hiding underneath the experimental bounds for the final-state production rates, leads to a similar formula with cos 2 χ and sin 2 χ interchanged and potential cascade corrections supplemented. When a Higgs boson will be discovered in the present gap down to the LHC improved LEP2 limit, the bound on R will be replaced by the measured value R of the ratio of observed to SM cross section, to be explored later.
Higgs decays into the hidden sector are invisible. This mode however plays quite an important role for hidden-sector scenarios in general. Even though the experimental analysis will be very demanding at hadron colliders [22, 23] , less at lepton colliders, the central points should nevertheless be analyzed theoretically in the present context. In a first step, the cross section for H 1 production with invisible decays may be bounded by
Analogously, the relation for H 2 follows immediately by exchanging cos 2 χ with sin 2 χ and adding the cascade corrections again. Thus, the total of the visible channels plus the invisible channel describes, globally, the essential elements of the standardhidden Higgs scenario.
Derived from the inequality Eq. 5 above, current experimental exclusion bounds on R give rise to lower limits on the invisible decay widths in association with the mixing parameters:
for cos 2 χ ≥ R, while the bound is zero below; similarly for H 2 by interchanging cos 2 χ and sin 2 χ and adding the corrections possibly for cascade decays.
To evaluate the experimental Higgs bounds, we have chosen the characteristic point {M H = 155 GeV; R = 0.4} within the broad shoulder between 155 GeV and 175 GeV, where the observed R limit is essentially constant [2] [3] [4] . Identifying H first with H 1 and following Eqs. 5, 7, the area above the contour in Fig. 1 is still viable for the potential observation of a Higgs boson with increased luminosity at the LHC. As expected, the exclusion contours move up with reduced R. The corresponding areas for H identified with H 2 probed for the same mass are just mirrored at cos 2 χ = 1/2. For R < 1/2, the H 1 and H 2 curves cross each other at a positive value of Γ hid /Γ SM tot , leaving a blank area between the exclusion contours not covered by either Higgs boson.
The ratios Γ hid /Γ SM tot may run from small up to high values since the Higgs-boson widths in the standard and the hidden sectors may be quite different. The areas dappled by little squares, generated by random points in the space of vacuum expectation values and couplings, is compatible with constraints from unitarity and high-precision measurements, cf. Ref. [9] . Small values of cos 2 χ effectively amount to heavy Higgs scenarios and are disfavored by electroweak precision measurements. The squares nevertheless cover almost the whole allowed parameter space. Note, however, that, when a light H 2 is probed, the density of points compatible with the bounds for light H 1 production [25] is reduced.
The small dot denotes the point where the exclusion bound ends after touching the cos 2 χ-axis at R. For values on the halfaxis cos 2 χ larger than R a non-vanishing value of Γ hid is necessary to still be compatible with the experimental bound. In the area below the dotted line the Higgs production cross section [26] [27] [28] [29] [30] in association with different numbers of jets [31] is large enough to be accessed experimentally for a luminosity of 50 fb −1 . If an upper bound J on the invisible cross section can be established, Eq. 6, an upper bound on the Higgs width in the hidden sector follows for cos 2 χ ≥ J :
with, correspondingly, cos 2 χ ⇔ sin 2 χ for 1 ⇔ 2 plus cascade contributions. The contour is illustrated in Fig. 2 , with the 68% CL region at 50 fb −1 luminosity and a center-of-mass energy of 14 TeV given by the shaded area. The shaded area reflects the intrinsic theoretical uncertainties on the perturbative Higgs production cross section [such as pdf and scale uncertainties] as well as the expected experimental uncertainty at the fixed integrated luminosity. All these effects are included in SFitter [32] , which we employ to compute the uncertainty band in Fig. 2 [and later analogously in Fig. 3] .
In total, H 1 or H 2 Higgs bosons with mixing and hidden-width parameters in the allowed regions can, presently, still be realized in the standard-hidden Higgs scenario. 
Measurements
Should a light Higgs boson be discovered at the LHC, the measurement of R provides a first global picture of the physical nature of the state. Instead of just constraining parameter areas, the mixing angle and the width in the hidden sector can then be correlated by exploiting Eq. 7, reduced now to equality. In the limit R → 1 the interpretation of the observed state is unique as the H 1 contour in Fig. 3 , for H 1 identified with the state, shrinks to the SM corner {cos
When identifying the observed state with H 2 , the H 2 contour leads to analogous conclusions in the equivalent limit sin 2 χ → 1. Note that for small mixing the two states H 1 and H 2 , identified consecutively with the state experimentally observed, approach the same Higgs state H s of the Standard Model, as pointed out earlier. Thus the SM Higgs boson emerges in a model-independent way from the experimental data. The agreement with the Standard Model can quantitatively be described by the size of the contour curves approaching the SM corners.
The twin sister of the observed state is difficult to detect experimentally in the SM corner. If the observed state is identified with H 1 , for instance, the production of the higher-mass H 2 sister is strongly suppressed in the SM approach for an H 1 mass chosen as M H1 = 125 GeV and several H 2 masses; exemplified for a typical set of parameters: Even for a Higgs boson mass of 400 GeV, the best combined limit [4] at R ∼ 0.3 is not yet sensitive. Thus, the properties of H 1 must be exploited primarily for studying the nature of the standard-hidden Higgs sector.
If the invisible parameter J can be measured experimentally, the crossing of the J with the R contour, cf. Fig. 2 , fixes the two physical parameters at the point marked by the square,
for the observed state identified with the Higgs state 1, and correspondingly sin 2 χ instead of cos 2 χ if the observed state is identified with state 2. The result would invite the search for the second Higgs boson of the standard-hidden pair in either case. Depending on the value of cos 2 χ, the wave function of the Higgs boson H 1 , given by cos χ and sin χ, will determine the primary affiliation either with the standard Higgs boson H s or the hidden Higgs boson H h , and complementary for H 2 . Note, however, that the nearly parallel running of the R and J curves for large cos 2 χ in Fig. 2 renders the measurement of the crossing point experimentally very difficult when the errors on J are included.
We conclude by observing that the two Higgs masses M 1,2 and the ratios R 1,2 and J 1,2 measured for H 1,2 complete, in general, the parameter determination of this theory, i.e. the elements of the Higgs matrix and the hidden widths of the Higgs field H s at the respective physical Higgs mass values. In fact, the measurement of all the ratios R 1,2 and J 1,2 over-determines the parameter set, and the sum rule R 1 + J 1 + R 2 + J 2 = 1 can be exploited to test the consistency of the standard-hidden Higgs scenario with the experimental results. 
III. CONCLUSIONS
Expanding on earlier theoretical analyses, we have exploited recent LHC data to draw conclusions on the Higgs sector in a standard-hidden Higgs scenario which develops continuously out of the Standard Model. Coupling the Standard Model with a hidden sector suggests an exciting interpretation of the recent experimental data.
-Mixing effects and invisible decays of Higgs particles can reduce the cross sections for experimental searches of the Higgs boson at the LHC. Though the SM Higgs boson may be ruled out for specific mass values, if cross sections fall below the SM predictions, Higgs bosons are not excluded per se for these mass values. Constraints then follow for the mixing of standard and hidden Higgs states, as well as for decays into the hidden sector. Such Higgs bosons should emerge however with rising LHC luminosity.
-If a Higgs boson is discovered at the LHC, the standard-hidden Higgs scenario allows to quantify how closely the state coincides with or to what extent it deviates from the Standard Model. It is demonstrated in Fig. 3 how from present collider parameters such a measurement will rapidly gain sensitivity with increasing luminosity and energy.
Thus, the standard-hidden Higgs system not only describes an exciting physical scenario, but it can also be adopted for interpreting the data in searches for Higgs bosons at the LHC and, if discovered, for the global understanding of their nature.
